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SEMICONDUCTOR DEVICE AND METHOD OF FABRICATING THE SAME, 
CIRCUIT BOARD, AND ELECTRONIC INSTRUMENT 

TECHNICAL FIELD 

5 The present invention relates to a semiconductor device 

and a method of fabricating the semiconductor device, a circuit 
board, and an electronic instrument. 



BACKGROUND ART 

Gb As one type of CSP (Chip Scale/Size Package) 

ip semiconductor devices, a semiconductor device with a structure 

in 

ifi in which a semiconductor chip is mounted face- down to a 

*p 

|y substrate has been known. In such a face down structure, a 

,p 

( semiconductor chip is generally mounted on a surface of the 
iflp substrate on which an interconnecting pattern is formed. 

lii 

Therefore, since part of the interconnecting pattern is covered 
with the semiconductor chip, the degree of freedom in designing 
the interconnecting pattern is limited. 



20 DISCLOSURE OF THE INVENTION 

The present invention has been achieved to solve this 
problem. An objective of the present invention is to provide 
a semiconductor device and a method of fabricating the same 
capable of increasing the degree of freedom in designing an 
25 interconnecting pattern without decreasing connection 
reliability, a circuit board, and an electronic instrument. 

(1) According to the present invention, there is provided 
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a semiconductor device comprising: 

a substrate including a plurality of holes and a surface 
over which an interconnecting pattern is formed, part of the 
interconnecting pattern extending over the holes; 

a semiconductor chip disposed over another surface of the 
substrate and including a plurality of electrodes to be 
positioned over the holes; and 

conductive members provided within the holes for 
electrically connecting the electrodes to the interconnecting 
pattern. 

According to the present invention, the conductive 
members formed on the electrodes of the semiconductor chip are 
disposed within the holes and connected to the interconnecting 
pattern. Therefore, the interconnecting pattern is located on 
the side of the substrate opposite to the mounting region of 
the semiconductor chip. Specifically, since the 

interconnecting pattern is not covered with the semiconductor 
chip, the interconnecting pattern can be designed without 
limitation. Moreover, there is a substrate between the 
interconnecting pattern and the semiconductor chip . Therefore , 
signals in an integrated circuit in the semiconductor chip 
scarcely interfere with signals in the interconnecting pattern, 
whereby cross talk can be reduced. Because of this, a 
semiconductor device with an increased degree of freedom in 
designing the interconnecting pattern can be obtained without 
decreasing connection reliability. 

(2) In this semiconductor device, a resin may be provided 



between the substrate and the semiconductor chip. 

According to this semiconductor device, the 
semiconductor chip is mounted on a surface of the substrate on 
which the interconnecting pattern is not required, and a resin 
is provided between the substrate and the semiconductor chip. 
Therefore, if an interconnecting pattern is not formed over the 
surface of the substrate over which the semiconductor chip is 
mounted, the resin is provided on the substrate exhibiting 
comparatively excellent adhesion, so that delamination can be 
reduced. Because of this, a semiconductor device with an 
increased degree of freedom in designing the interconnecting 
pattern can be obtained more effectively without decreasing 
connection reliability . 

(3) In this semiconductor device, the resin may be an 
anisotropic conductive material containing conductive 
particles; and the conductive members may be electrically 
connected to the interconnecting pattern through the conductive 
particles . 

(4) In this semiconductor device, part of the 
interconnecting pattern may close the holes. 

(5) In this semiconductor device, the interconnecting 
pattern may include a plurality of interconnecting lines; and 

two or more interconnecting lines may extend over each 
of the holes . 

This enables holes necessary for the substrate can be 
easily formed. 

(6) In this semiconductor device, the other surface of 



• 



the substrate may be roughed. 

Since a contact area between the resin and the substrate 
is increased, adhesion between them can be further improved. 

(7) In this semiconductor device, a recognition hole may 
5 be formed in the substrate at a position differing from the 
holes; and 

a recognition pattern may be formed over the recognition 
hole on the side of a surface of the substrate including the 
interconnecting pattern . 

fcb This enables to mount the semiconductor chip easily over 

tU. the substrate. 

in 

IP (8) In this semiconductor device, the recognition hole 

tfTf 

Ill may be formed in the substrate outside a mounting region for 

s the semiconductor chip. 

P 

i||> This makes it possible to mount the semiconductor chip 

w 

ig easily over the substrate. 

I"? (9) In this semiconductor device, the recognition pattern 

may includes: 

a first pattern extending in the X-axis direction of the 
20 two-dimensional coordinate system established on a surface of 
the substrate; and 

a second pattern extending in the Y-axis direction. 
This enables the semiconductor chip to be accurately 
mounted at a given position on the substrate by recognizing the 
25 first and second patterns. 

(10) In this semiconductor device, the conductive members 
may be a plurality of layered bumps. 
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This enables the conductive members to be formed by using 
existing techniques and devices, for example. 

(11) In this semiconductor device, the bumps may include 
first bumps formed on the electrodes and second bumps formed 

5 on the first bumps. 

Note that the first and second bumps refer to two arbitrary 
bumps, and this is applicable to two or more bumps. 

(12) In this semiconductor device, at least the first 
bumps may be ball bumps. 

ICO According to this semiconductor device, the first bumps 

IB may be formed by the ball bump method. Since existing wire 

m 

iff bonder devices can be utilized, the semiconductor device can 
iy be fabricated with reduced equipment investment. 

(13) In this semiconductor device, the second bumps may 

- ~| 

E5 be formed of a metal which has a melting point lower than the 
melting point of the first bumps. 

i ™J 

According to this semiconductor device, since the first 
bumps formed in advance have a higher melting point, the first 
bumps are less affected by heat for forming the second bumps, 
20 for example. Therefore, a plurality of bumps can be easily 
layered . 

(14) In this semiconductor device, the first bumps may 
be formed of gold. 

Gold has a comparatively high melting point. 
25 (15) In this semiconductor device, the second bumps may 

be formed of solder. 

(16) In this semiconductor device, the first bumps and 
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the second bumps may be formed of the same material. 

This enables the second bump to also be formed by the ball 
bump method, for example. 

(17) In this semiconductor device, the semiconductor chip 
5 may be mounted face -down to the substrate. 

According to this semiconductor device, the interval 
between the semiconductor chip and the substrate is increased 
by the height of the first and second bumps formed on the 
electrodes of the semiconductor chip, so a large amount of resin 
BO can be provided right under the semiconductor chip, thereby 
IB enabling the resin to fully function as a stress relaxation 

in 

ifl layer. If the first bump is formed of gold and the second bump 
|y is formed of solder, a mounting structure of solder bumps with 
/ a core (gold) can be easily obtained. 

$g? (18) According to the present invention, there is 

Id 

J» provided a circuit board over which the above - described 

\3 
n 

semiconductor device is mounted. 

(19) An electronic instrument according to the present 

invention is provided with the above semiconductor device. 
20 (20) According to the present invention, there is 

provided a method of fabricating a semiconductor device 

comprising the steps of: 

preparing a substrate including a plurality of holes and 

an interconnecting pattern which extends partially over the 
25 holes, and also preparing a semiconductor chip having a 

plurality of electrodes which have conductive members formed 

on the electrodes; and 
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disposing the conductive members within the holes and 
mounting the semiconductor chip over the substrate to connect 
electrically the interconnecting pattern to the electrodes 
through the conductive members. 

According to the present invention, the conductive 
members formed on the electrodes of the semiconductor chip are 
disposed within the holes and connected to the interconnecting 
pattern. Therefore, the interconnecting pattern is located on 
the side of the substrate opposite to the mounting region of 
the semiconductor chip. Specifically, since the 

interconnecting pattern is not covered with the semiconductor 
chip, the interconnecting pattern can be designed without 
limitation. Moreover, there is a substrate between the 
interconnecting pattern and the semiconductor chip . Therefore, 
signals in an integrated circuit in the semiconductor chip 
scarcely interfere with signals in the interconnecting pattern, 
whereby cross talk can be reduced. Because of this, a 
semiconductor device with an increased degree of freedom in 
designing the interconnecting pattern can be obtained without 
decreasing connection reliability. 

(21) This method of fabricating a semiconductor device 
may further comprise a step of providing a resin over the 
substrate in a region for mounting the semiconductor chip. 

According to this semiconductor device, the 
semiconductor chip is mounted on a surface of the substrate on 
which the interconnecting pattern is not required, and a resin 
is provided between the substrate and the semiconductor chip. 



Therefore, if an interconnecting pattern is not formed over the 
surface of the substrate over which the semiconductor chip is 
mounted, the resin is provided on the substrate exhibiting 
comparatively excellent adhesion, so that interface 
delamination can be reduced by the heat in the mounting process . 
Because of this, a semiconductor device with an increased degree 
of freedom in designing the interconnecting pattern can be 
obtained more effectively without decreasing connection 
reliability. 

(22) In this method of fabricating a semiconductor 
device , 

the resin may be an anisotropic conductive material 
containing conductive particles; and 

after the provision of the resin, the conductive members 
may be electrically connected to the interconnecting pattern 
through the conductive particles. 

This enables the electrodes of the semiconductor chip to 
be electrically connected to the interconnecting pattern 
through the anisotropic conductive material, and, at the same 
time, the semiconductor chip and the substrate can be 
underfilled. Therefore, a semiconductor device can be 
fabricated using a method excelling in productivity. 

(23) In this method of fabricating a semiconductor 
device , 

the holes may be formed in the substrate to be positioned 
under the electrodes; 

part of the interconnecting pattern may close the holes; 
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and 

the conductive members may be disposed within the holes. 
(24) In this method of fabricating a semiconductor 
device, 

5 the interconnecting pattern may include a plurality of 

interconnecting lines ; 

two or more of the interconnecting lines may extend over 
each of the holes in the substrate; and 

two or more of the conductive members may be disposed 
: £b within each of the holes. 

fJ3 This enables to easily form holes necessary for the 

in 

j|l substrate. 

fy (25) In this method of fabricating a semiconductor 

/ device, 

|f|> the step of providing a resin may include a step of 

Id 

J« mounting the substrate over a member; 

M 

H the member may have properties which repel the resin at 

least in a region facing the holes in the substrate; and 

the resin may be provided after the mounting of the 
20 substrate over the member with a surface of the substrate having 
the interconnecting pattern to face the member. 

This enables the resin to be provided on the substrate 
without leaking out from slits. 

(26) This method of fabricating a semiconductor device 
25 may further comprise a step of roughing the other surface of 
the substrate. 

According to this method, since a contact area between 
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the substrate and the resin increases, adhesion between the 
resin and the substrate can be further improved. 

(27) This method of fabricating a semiconductor device 
may further comprise a step of forming a recognition hole in 
5 the substrate at a position differing from the holes, and 
forming a recognition pattern over the recognition hole on the 
side of a surface of the substrate including the interconnecting 
pattern . 

This enables the semiconductor chip to be easily mounted 

Kb over the substrate. 

1 

IS (28) In this method of fabricating a semiconductor 

in 

(Jl device, 

fU the recognition pattern may include a first pattern 

,* extending in the X-axis direction of the two-dimensional 

o 

pf5 coordinate system established on a surface of the substrate, 
and a second pattern extending in the Y-axis direction; and 
positioning of the semiconductor chip and the substrate 

1== 

may be carried out by using the recognition pattern. 

This enables the semiconductor chip to be accurately 
20 mounted at a given position over the substrate by recognizing 
the first and second patterns. 

(29) In this method of fabricating a semiconductor 
device , 

the conductive members may be a plurality of layered 

2 5 bumps. 

This enables the conductive members to be reliably 
formed . 
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(30) In this method of fabricating a semiconductor device, 
the bumps may be formed by: 

a first step of bonding a first conductive wire to one 
of the electrodes of the semiconductor chip and cutting the 
5 bonded first conductive wire with part of the first conductive 
wire to remain on the one of the electrodes; 

a second step of forming a first bump by pressing the 
remaining part of the first conductive wire on the electrode; 

a third step of bonding a second conductive wire to the 
(fib first bump and cutting the bonded second conductive wire with 
tU part of the second conductive wire to remain on the first bump; 

in 

in and 

■y 

|y a fourth step of forming a second bump by pressing the 

a remaining part of the second conductive wire on the first bump. 
0f5 According to this method, the first and second bumps can 

i«% be layered merely by bonding the first or second conductive wire 
!*f on the electrode or first bump, cutting the conductive wire 

while allowing part of the conductive wire to remain on the 

electrode or first bump, and pressing the remaining conductive 
20 wire. These steps can be performed in a short period of time 

in comparison with the case of layering the bumps by plating. 

Note that the first and second bumps refer to two arbitrary 

bumps, and this is applicable to two or more bumps. 

(31) In this method of fabricating a semiconductor 
25 device, 

the first step may be repeated for the plurality of 
electrodes to provide each of the electrodes with part of the 
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first conductive wire; and 

the remaining parts of the first conductive wires on the 
electrodes may be simultaneously pressed to form the first bumps 
at a time in the second step. 
5 According to this method, since a plurality of first bumps 

can be formed at the same time, the number of steps can be further 
reduced . 

(32) In this method of fabricating a semiconductor 
device , 

tQO the third step may be repeated to provide each of the first 

IM bumps with part of the second conductive wire; and 

Wi 

ifl the remaining parts of the second conductive wires on the 

^0 

iy electrodes may be simultaneously pressed to form the second 

. bumps at a time in the fourth step. 

i 

According to this method, since a plurality of second 
bumps can be formed at the same time, the number of steps can 
be further reduced. 



BRIEF DESCRIPTION OF THE DRAWINGS 
20 Figures 1A to 1C illustrate a method of fabricating a 

semiconductor device according to a first embodiment of the 
present invention . 

Figures 2A and 2B illustrate the method of fabricating 
a semiconductor device according to the first embodiment of the 
25 present invention. 

Figures 3A to 3C illustrate the method of fabricating a 
semiconductor device according to the first embodiment of the 
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present invention . 

Figures 4A and 4B illustrate the method of fabricating 
a semiconductor device according to the first embodiment of the 
present invention . 

Figure 5 shows a semiconductor device according to the 
first embodiment of the present invention. 

Figure 6 shows a substrate according to the first 
embodiment of the present invention. 

Figure 7 shows a substrate according to a second 
embodiment of the present invention. 

Figures 8 illustrate a method of fabricating a 
semiconductor device according to the second embodiment of the 
present invention . 

Figures 9A to 9D illustrate a method of fabricating a 
semiconductor device according to a third embodiment of the 
present invention. 

Figure 10 shows a circuit board on which the semiconductor 
device according to the present invention is mounted. 

Figure 11 shows an electronic instrument having the 
semiconductor device according to the present invention. 

Figure 12 shows an electronic instrument having the 
semiconductor device according to the present invention. 

BEST MODE FOR CARRYING OUT THE INVENTION 

Embodiments of the present invention are described below 
with reference to the drawings. As the package type of a 
semiconductor device according to the present invention, any 
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of BGA (Ball Grid Array) , CSP (Chip Size/Scale Package) , and 
the like may be applied. The present invention may be applied 
to face-down type semiconductor devices and a module structure 
thereof. As examples of the face -down type semiconductor 
5 devices, a COF (Chip On Flex/Film) structure, COB (Chip On 
Board) structure, and the like can be given. These 
semiconductor devices not only include semiconductor chips 
mounted therein, but also may have a module structure in which 
passive devices such as an SMD (Surface Mount Device) such as 

S) a resistance and a capacitor are appropriately included in 

> &g 

jp combination, as described later. 

m 

in 

III First embodiment 

Figures 1A to 4B are views showing a method of fabricating 
a semiconductor device according to a first embodiment to which 

E * I 

the present invention is applied. Figures 1A to 4B show an 

U 

|3 example of a method of forming bumps on the semiconductor chip. 

c 

In the present embodiment, bumps are formed on the semiconductor 
chip as an example of conductive members. Specifically, a 

20 plurality of bumps (first and second bumps 70 and 80) is formed 
on a semiconductor chip 10. 

Figures 1A to 2B are views showing a method of forming 
the first bumps 70. The semiconductor chip 10 with at least 
one electrode (or pad) 12 formed thereon is prepared, as shown 

25 in Figure 1A. Each electrode 12 is generally thin and flat, 
formed on the first semiconductor chip 10 using aluminum, for 
example. There are no specific limitations to the shape of the 
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side surface or vertical cross section of the electrodes 12 . 
The electrodes 12 may be formed at the same height as the 
semiconductor chip 10. The planar shape of the electrodes 12 
is not particularly limited. The electrodes 12 may be either 
5 circular or rectangular. A passivation film (not shown) is 
formed on the semiconductor chip 10 so as to avoid the electrodes 
12. The passivation film may be formed using Si0 2 , SiN, 
polyimide resin, or the like. 

A capillary 14 is disposed on the side of a surface of 
Eb the semiconductor chip 10 on which the electrodes 12 are formed. 

IS A conductive wire 16 such as a wire is inserted into the capillary 

|f| 

in 14. The conductive wire 16 is generally formed using gold, 

iy gold- tin, solder, copper, aluminum, or the like, although the 

'•r 1 . ... 

material is not limited insofar as the material exhibits 

Q 

3^5 conductivity. A ball 17 is formed on the conductive wire 16 
:~ outside the capillary 14. The ball 17 is formed by discharging 

M 

electricity at a high voltage to the end of the conductive wire 

16 using an electric flame off, for example. 

In the present invention, the conductive wire 16 for 
20 forming the first bumps may be called a first conductive wire 

and the conductive wire 16 for forming the second bumps may be 

called a second conductive wire. 

The capillary 14 is disposed above one of the electrodes 

12, thereby disposing the ball 17 above this electrode 12. The 
25 capillary 14 is lowered by opening a clamper 18, whereby the 

ball 12 is pressed against the electrode 12. Ultrasonic waves, 

heat, and the like are applied while bonding the ball 17 to the 
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electrode 12 by pressing the ball 17 at a uniform pressure . The 
conductive wire 16 is thus bonded to the electrode 12 as shown 
in Figure IB. 

The conductive wire 16 is held by closing the clamper 18. 
The capillary 14 and the clamper 18 are simultaneously lifted 
as shown in Figure 1C. The conductive wire 16 is torn off, 
whereby the portion including the ball 17 remains on the 
electrode 12. In the case where the bumps must be formed on 
a plurality of electrodes 12, these steps may be repeated for 
each electrode 12. 

Part of the conductive wire 16 remaining on the electrode 
12 (including the ball 17) is often has a projected shape due 
to looping by tearing off the conductive wire 16 on the bonded 
ball 17. 

The steps shown in Figures 2A and 2B are then carried out. 
The semiconductor chip 10 on which part of the conductive wire 
16 bonded to the electrode 12 (including the ball 17) remains 
is placed on a stand 20, as shown in Figure 2A. Part of the 
conductive wire 16 is crushed using a press jig 22, as shown 
in Figure 2B. In the present embodiment, part of the conductive 
wires 16 remaining on a plurality of electrodes 12 is crushed 
at the same time. Note that part of the conductive wire 16 
(including the ball 17) may be crushed for each electrode 12 
(flattening step) . In this step, a bonder for gang bonding or 
a bonder for single point bonding may be used. 

The first bump 70 is thus formed on each electrode 12 as 
shown in Figure 2B. It is preferable that the upper end of the 



first bump 70 be flat by being crushed by the press jig 22. 
Specifically, the first bump 70 is formed so as to be provided 
with stability to such an extent that the second bump 80 can 
be formed on the first bump 70 as described later. A depression 
section may be formed on the side surface of the first bump 70. 
The first bump 70 can be prevented from falling off by allowing 
the depression section to be filled with a resin (see Figure 
5) (mechanical anchoring effect) . This is also applicable to 
the second bump 80. In the case of bumps formed on top (third 
bumps in Figure 5) , the flattening step ensures that the upper 
end of the bumps becomes flat to such an extent that these bumps 
are securely connected to the interconnecting pattern 32. The 
flattening step is a measure for enabling the second bumps 80 
to be easily formed as described below. In the case where the 
second bumps 80 can be formed without any problem, the 
flattening step may be omitted or replaced by a wet back process 
using heat for melting. 

Figures 3A to 4B are views showing a method of forming 
the second bumps 80. The method of forming the second bumps 
80 is the same as the method illustrated in Figures 1A to 2B 
except that the first bumps 70 are formed on the electrodes 12. 
In Figure 4B, the second bump 80 is preferably layered on the 
first bump 70 perpendicularly thereto. It is preferable to 
reduce unevenness of the bump height by performing the 
flattening step after forming the second bumps 80. This 
decreases the failure rate in the step of mounting the 
semiconductor chip described later. 



Note that the first and second bumps 70 and 80 refer to 
two arbitrary bumps. The present invention is not limited to 
only two bumps but is applicable to two or more bumps. The 
semiconductor device according to the present invention has 
5 conductive members between the electrodes 12 and the 
interconnecting pattern 32. The conductive members are not 
limited to bumps. Figure 5 illustrates the case of using bumps 
as the conductive members. The first to third bumps 70, 80, 
and 90 are an arbitrary number of bumps. The number of bumps 
fDO is not limited. Only one bump may be used as the conductive 
fQ member. Bumps other than the first bumps 7 0 such as the second 

in 

(IT! bumps 80 may be formed using a material differing from that for 
|y the first bumps 70 according to the method of mounting the 
semiconductor chip as described later. In the case of forming 

§3 

®5 the first bumps 70 using gold and forming the second bumps 80 

hi 

]Z using a metal having a melting point lower than gold such as 

M gold- tin or solder, for example, the flattening step after 

I** 

forming the second bumps 80 can be performed using a wet back 
process by heating for melting or the like, whereby the 

20 fabrication steps can be simplified. Note that the 
semiconductor chips can be mounted using the bumps as a brazing 
material. Since the existing wire bonders can be utilized in 
the above ball bump method, the semiconductor device can be 
fabricated with reduced equipment investment. 

25 The above step illustrate an example of ball bumps using 

bonding wire. As a method of forming the bumps, a conventional 
electroplating technique, electroless plating technique, 
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paste printing technique, ball placement technique, a 
combination of these techniques may be used. In the case where 
two or more bumps are layered, the manufacturing method therefor 
and a combination of the materials are not limited. 
5 Figure 5 is a view showing a semiconductor device 

according to the present embodiment. Figure 6 is a plan view 
showing a substrate 3 0 according to the present embodiment 
before the semiconductor chip 10 is mounted. A semiconductor 
device 1 includes the semiconductor chip 10 and the substrate 
©0 30 . 

\U The semiconductor device includes the first and second 

E ff 

?H bumps 70 and 80 formed by the above steps. In the present 

*0 

(U embodiment, the semiconductor device further includes the third 

=E 

6 " bumps 90. In the present invention, other conductive members 

$?p may be used in place of bumps . 

hi 

™ The substrate 3 0 may be formed using any organic or 

inorganic material or a composite structure of these materials . 
The substrate 30 may be used as an individual piece or used in 
the shape of a strip in which a plurality of mounting regions 

20 of the semiconductor chip 10 is formed in a matrix. In the case 
of using the substrate 30 in the shape of a strip, the substrate 
30 is stamped out in another step. As examples of the substrate 
30 formed using an organic material, two-layer and three-layer 
flexible substrates formed of a polyimide resin and the like 

25 can be given. A tape used in TAB technology may be used as the 
flexible substrate. As examples of the substrate 30 formed 
using an inorganic material, a ceramic substrate, a glass 
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substrate, and the like can be given. As examples of a substrate 
formed of a composite structure of organic and inorganic 
materials, a glass epoxy substrate and the like can be given. 
There are no specific limitations to the planar shape of the 
5 substrate 30 . It is preferable that the substrate 30 be similar 
in shape to the semiconductor chip 10. 

The interconnecting pattern 32 is formed on the substrate 
30. In the present embodiment, the interconnecting pattern 32 
is formed on one surface of the substrate 30. The 
*10 interconnecting pattern 32 is formed by a plurality of 

\B interconnecting lines. Specifically, the interconnecting 

111 

ffs pattern 32 is formed on the substrate 30 by routing a plurality 

. f% 

jy of interconnecting lines into a specific shape. The 

/ interconnecting pattern 32 is generally formed by etching 

O 

jjJjjS copper foil. The interconnecting pattern 32 may be formed of 
id 

two or more layers. Copper foil is generally bonded to the 
substrate 3 0 in advance through an adhesive (not shown) . As 
another example, the interconnecting pattern 32 may be formed 
by layering any of copper (Cu) , chromium (Cr) , titanium (Ti) , 

20 nickel (Ni), and titanium tungsten (Ti-W). For example, the 
interconnecting pattern 32 may be formed by etching after 
applying photolithography. The interconnecting pattern 32 may 
be directly formed on the substrate 30 by sputtering. In 
addition, the interconnecting pattern 72 may be formed by 

25 plating. Part of the interconnecting pattern 32 may be formed 
into land sections 37 and 3 9 having an area larger than the 
sections which become the lines. The land sections 37 and 39 
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have a function of sufficiently securing the electrical 

connections. Therefore, as shown in Figure 6 , the land sections 

37 may be formed in the connection sections with the electrodes 

12, and the land sections 3 9 may be formed in the connection 

5 sections with the external terminals 40 as described later. 

A plurality of holes 36 is formed in the substrate 30. 

The conductive members (first to third bumps 70, 80, and 90) 

formed on the electrodes 12 of the semiconductor chip 10 are 

inserted into the holes 36. In this case, the conductive 

IPO members have a height so as to electrically connect the 

W electrodes 12 of the semiconductor chip 10 to the 
II! 

f[f interconnecting pattern 32 (land sections 37) . For example, 

>y 

IU one bump (first bump 70, for example) may be formed to have a 

Bp 

i " height so as to electrically connect the electrodes 12 to the 

P 

interconnecting pattern 32 . In the case of forming a plurality 
i«v of bumps, each bump may be formed so that the total height of 
j^f the layered bumps exceeds the distance between the electrodes 
12 and the interconnecting pattern 32 . 

The holes 36 are formed in the substrate 10 inside the 
20 mounting region of the semiconductor chip 10 corresponding to 
the arrangement and the number of the electrodes 12 . For 
example, the holes 3 6 may be formed along two sides of the 
substrate 10 facing each other inside the mounting region of 
the semiconductor chip 10 corresponding to the electrodes 12 
25 formed along two sides of the semiconductor chip 10 facing each 
other, as shown in Figure 6. One conductive member may be 
disposed in one hole 36. The holes 36 have a cross - sec tional 
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area which allows insertion of the conductive members. The 
shape of the holes 36 may be either circular or rectangular. 
The holes 36 are formed through the substrate 30. The 
interconnecting pattern 32 formed on one surface of the 
substrate 30 close one of the openings of the holes 36. 
Specifically, the land sections 37 close the opening of the 
holes 36 on the side of the surface on which the interconnecting 
pattern 32 is formed. It is preferable that the conductive 
members be formed to have a height greater than the thickness 
of the substrate 30 so as to be electrically connected to the 
interconnecting pattern 32 (land sections 37) . 

The semiconductor chip 10 is mounted on a surface of the 
substrate 30 on which the interconnecting pattern 32 is not 
necessarily required, such that a surface of the semiconductor 
chip on which the electrodes 12 are formed faces the substrate 
30. In the present embodiment, the interconnecting pattern 32 
is not formed on the surface of the substrate 30 on which the 
semiconductor chip 10 is mounted. The conductive members 
formed on the electrodes 12 are inserted into the holes 36 and 
electrically connected to the interconnecting pattern 32 (land 
sections 37) formed on one of the openings of the holes 36. 
Specifically, the conductive members are electrically 
connected to the interconnecting pattern 32 (land sections 37) 
exposed by the holes 36. The semiconductor device according 
to the present invention has conductive members between the 
electrodes 12 and the interconnecting pattern 32. The 
conductive members are not limited to bumps. As examples of 




other conductive members, conductive paste, conductive balls, 
and the like can be given. The conductive members may be formed 
on the interconnecting pattern 32 (land sections 37) exposed 
by the holes 36. Both of these conductive members and the 
5 conductive members formed on the semiconductor chip 10 may be 
used as the conductive members. 

According to this semiconductor device, the conductive 
members formed on the electrodes 12 of the first semiconductor 
chip 10 are disposed in the holes 36 and connected to the 

^Po interconnecting pattern 32 . This allows the interconnecting 

*0 

SB pattern 32 to be located on a surface of the substrate 30 opposite 

IJ1 

III to the mounting region of the semiconductor chip 10. 

^0 

ftj Specifically, since the interconnecting pattern 32 is not 

? covered with the semiconductor chip 10, the interconnecting 

(3 

sjfeS pattern 32 can be designed without limitation. The 

iaj 

=4 interconnecting pattern 32 is formed opposite the semiconductor 

M 

\** chip 10 through the substrate 30. Therefore, signals in an 
integrated circuit in the semiconductor chip 10 scarcely 
interfere with signals in the interconnecting pattern 32, 

20 whereby cross talk can be reduced. Because of this, a 
semiconductor device with an increased degree of freedom in 
designing the interconnecting pattern 32 can be obtained 
without decreasing connection reliability. 

A resin is provided between the semiconductor chip 10 and 

25 the substrate 30. Specifically, in the present embodiment, a 
resin is provided to the surface of the substrate 30 on which 
the interconnecting pattern 32 is not formed and within at least 
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the mounting region (including holes 3 6) of the semiconductor 
chip 10 . In the present embodiment, the resin is an anisotropic 
conductive material 34 . The anisotropic conductive material 
34 is prepared by dispersing conductive particles (fillers) in 
5 an adhesive (binder) . A dispersing agent may be added to the 
anisotropic conductive material 34. A heat-curable adhesive 
is generally used as the adhesive for the anisotropic conductive 
material 34. As the anisotropic conductive material 34, an 
anisotropic conductive film previously formed into a sheet is 
■5o generally used. In addition, a liquid anisotropic conductive 

]B material may be used. The anisotropic conductive material 34 

If! 

In is pressed between the conductive members and the 

IU interconnecting pattern 32, thereby establishing electrical 

- r r 

e connection between them through the conductive particles. The 

!3 

fJEjjS present invention is not limited to this configuration. As the 

w 

p method for establishing electrical connection between the 

jj~T conductive members and the interconnecting pattern 32, a method 
using a metal junction such as Au-Au, Au-Sn, or solder, a method 
using conductive resin paste, a method utilizing the shrinkage 

20 force of an insulating resin, and the like can be given. Any 
of these methods may be used. 

In the case of employing any mounting method, an 
insulating resin is generally sealed at least between the 
substrate 30 and the semiconductor chip 10. According to this 

25 semiconductor device, the semiconductor chip 10 is mounted on 
a surface of the substrate 30 on which the interconnecting 
pattern 32 is not necessarily required, and the resin is 
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provided between the substrate 30 and the semiconductor chip 
10. Therefore, even if the interconnecting pattern 32 is not 
formed on a surface of the substrate 30 on which the 
semiconductor chip 10 is mounted, delamination can be prevented 
5 since the resin is provided on the substrate 30 exhibiting 
comparatively excellent adhesion. The substrate 50 is 
interposed between the semiconductor chip 10 and the 
interconnecting pattern 32. Therefore, in the case of forming 
the substrate 30 using a soft material, the substrate 30 can 
^0 absorb stress applied to the semiconductor chip 10 and the 
*5 interconnecting pattern 32. Because of this, a semiconductor 

in 

Ifi device with an increased degree of freedom in designing the 

*Q 

IU interconnecting pattern 32 can be obtained more effectively 

.C 

» without decreasing connection reliability. 

13 

f£j5 At least the region of the substrate 30 in which the 

y 

3*% anisotropic conductive material 34 is provided may be roughed. 

\*i Specifically, the surface of the substrate 30 may be roughed 
so as to impair flatness. The surface of the substrate 30 may 
be roughed mechanically by sandblasting, physically using 

20 plasma, ultraviolet rays, or ozone, or chemically using an 
etching material. This enables the substrate 30 to be bonded 
to the anisotropic conductive material 34 more securely by 
increasing the bonding area between the substrate 3 0 and the 
anisotropic conductive material 34 or increasing the physical 

25 and chemical adhesive force. 

A recognition hole 50 and recognition patterns 52 and 54 
formed on the recognition hole 50 may be provided to the 
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substrate 30, as shown in Figure 6. The conductive members can 
be easily and securely inserted into the holes 36 by using the 
recognition hole 50 and the recognition patterns 52 and 54. 
Therefore, it is preferable that the recognition hole 50 and 
the recognition patterns 52 and 54 be formed in a region of the 
substrate 30 other than the mounting region of the semiconductor 
chip 10. The shape and size of the recognition hole 50 are not 
limited insofar as the recognition patterns 52 and 54 can be 
recognized. The recognition patterns 52 and 54 may be formed 
across the recognition hole 50 as shown in Figure 6. The shape 
of the recognition patterns 52 and 54 is not limited thereto. 
The recognition patterns 52 and 54 are formed within the 
recognition hole 50 on a surface of the substrate 30 on which 
the interconnecting pattern 32 is formed. In the case where 
the substrate 30 exhibits light transmissibili ty , the 
recognition hole 50 is not necessarily formed. In this case, 
the recognition patterns 52 and 54 are recognized through the 
substrate 30 . 

For example, the recognition patterns 52 and 54 may be 
formed by the first pattern 52 extending in the X-axis direction 
of the two-dimensional coordinates established on the surface 
of the substrate 30 and the second pattern 54 extending in the 
Y-axis direction. The recognition patterns 52 and 54 
preferably have a structure so that the position of the 
semiconductor chip 10 can be recognized two - dimensionally on 
the surface of the substrate. Part or all of the land sections 
39, external terminals 40, and interconnecting pattern 32 may 



be used as the recognition patterns 52 and 54. The holes 36 
or marks formed by printing, laser processing, or the like may 
be used as the recognition patterns 52 and 54 . 

A plurality of external terminals 40 may be formed on a 
surface of the interconnecting pattern 32 opposite to the 
surface facing the substrate 30. The external terminals 40 may 
be formed in the land sections 3 9 of the interconnecting pattern 
32. A protective film 33 may be formed on the surface of the 
interconnect patter 32 on which the external terminals 40 are 
formed except the area of the external terminals 40. It is 
preferable that the protective film 33 be an insulating member 
such as solder resist. In particular, the protective film 33 
covers and protects the surface of the interconnecting pattern 
32 . 

The external terminals 40 may be formed using solder, a 
metal other than solder, a conductive resin, or the like. 
Figure 5 shows a FAN- IN semiconductor device in which the 
external terminals 40 are formed only in the mounting region 
of the semiconductor chip 10. However, the present invention 
is not limited thereto. For example, the present invention may 
be applied to a FAN-OUT semiconductor device in which the 
external terminals 40 are formed only outside the mounting 
region of the semiconductor chip 10, or to a FAN- IN/OUT 
semiconductor device including the FAN-OUT semiconductor 
device and FAN- IN semiconductor device in combination. 

The method of fabricating the semiconductor device after 
the step of forming the bumps on the semiconductor chip 10 is 



described below. 

The semiconductor chip 10 is mounted on the substrate 30. 
Specifically, a surface of the semiconductor chip 10 on which 
the electrodes 12 are formed faces a surface of the substrate 
5 30 opposite to the surface on which the interconnecting pattern 
32 is required to be formed. Part of the surface of the 
substrate 30 may be roughed by sandblasting or plasma. 

In the case where the resin is the anisotropic conductive 
material 34, the anisotropic conductive material 34 is 

W0 previously provided to the substrate 30 before mounting the 

*Q 

?9 semiconductor chip 10. Specifically, the anisotropic 

Iff 

ifl conductive material 34 is provided to the substrate 30, thereby 

<0 

iy allowing the conductive members to be electrically connected 
? " to the interconnecting pattern 32. According to the present 

!»! 

ijfeS embodiment, the electrodes 12 are electrically connected to the 
p interconnecting pattern 32 through the anisotropic conductive 
;^ material 34, and, at the same time, the semiconductor chip 10 
and the substrate 30 can be underfilled. Therefore, the 
semiconductor device can be fabricated using a method excelling 
20 in reliability and productivity. In the case where the 
anisotropic conductive material 34 is heat - curable , the 
substrate 30 and the semiconductor chip 10 can be bonded by 
curing the anisotropic conductive material 34 using heat after 
mounting the semiconductor chip 10. 
25 In the case where the recognition hole 50 and the 

recognition patterns 52 and 54 are formed on the substrate 30, 
the semiconductor chip 10 can be positioned on the substrate 
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30 by recognizing the recognition hole 50 and the recognition 
patterns 52 and 54. For example, the recognition patterns 52 
and 54 are formed by the first pattern 52 extending in the X-axis 
direction of the two-dimensional coordinates established on the 
surface of the substrate 30 and the second pattern 54 extending 
in the Y-axis direction, as shown in Figure 6. In this case, 
the semiconductor chip 10 can be positioned on the substrate 
30 by finding the Y coordinates on the surface of the substrate 
by recognizing the recognition pattern 52 and finding the X 
coordinates by recognizing the recognition pattern 54. This 
enables the semiconductor chip 10 to be accurately mounted at 
a specific position on the substrate 30. 

The step of providing the resin may be performed after 
mounting the semiconductor chip 10 excluding the case where the 
anisotropic conductive material 34 is used as the resin. In 
this case, the semiconductor chip 10 and the substrate 30 may 
be underfilled by filling the space between the semiconductor 
chip 10 and the substrate 3 0 with the resin while removing 
bubbles, for example. 

A plurality of external terminals 40 may be formed on the 
interconnecting pattern 32. Specifically, the external 
terminals 40 are formed on surface of the interconnecting 
pattern 32 opposite to the surface facing the substrate. For 
example, the external terminals 40 are formed in the land 
sections 39, as shown in Figure 6. The external terminals 40 
may be formed using a conductive material such as solder or a 
metal. In the present embodiment, the external terminals 40 



are solder balls. The solder balls are formed by a reflow 
process consisting of providing solder balls and flux, cream 
solder, or the like and melting the solder by heating. 
Therefore, the above heating step for the anisotropic 
5 conductive material 34 (in the case of heat-curable material) 
may be omitted, and formation of the solder balls and heating 
for the anisotropic conductive material 74 may be performed at 
the same time in this reflow process. In addition, other 
passive devices to be mounted on the substrate 30 may be soldered 
WO at the same time. 

m 

m 

SfS Second embodiment 

|y Figure 7 is a plan view showing the substrate 3 0 according 

6 to the present embodiment before the semiconductor chip 10 is 

|||5 mounted. The present embodiment differs from the first 

;S embodiment as to the configuration of the holes . In the present 

M 

embodiment, the holes are slits 38. Long, narrow slits 38 are 
formed. Part of the interconnecting pattern 32 is formed across 
the slits 38 in the direction of the width of the slits 38. 
20 Specifically, two or more interconnecting lines among a 
plurality of interconnecting lines are formed across the slits 
38 . 

The slits 3 8 are formed corresponding to the rows of each 
electrode 12 of the semiconductor chip 10. For example, two 
25 slits 38 may be formed in the substrate 10 along two sides of 
the mounting region of the semiconductor chip 10 facing each 
other corresponding to the electrodes 12 formed along two sides 
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of the semiconductor chip 10 facing each other, as shown in 
Figure 7 . A plurality of electrodes 12 may be disposed on one 
slit 38. Specifically, two or more conductive members formed 
on the electrodes 12 may be inserted into one slit. The size 
5 and shape of the slits 3 8 may be optionally determined according 
to the arrangement of the electrodes 12 . This enables necessary 
holes to be easily formed in the substrate 30 in comparison with 
the case of forming holes corresponding to each electrode 12 . 
The slits 38 may be divided as required. Other structures are 
^So the same as those in the first embodiment. 

W A method of fabricating the semiconductor device 

m 

111 according to the present embodiment is described below. In the 

fU present embodiment, the same steps as in the first embodiment 

E can be performed except for the steps relating to the slits 38 

□ 

&|jj5 formed in the substrate 30. 

w 

jjj Step of providing resin 

In this step, a resin is provided to the substrate 30. 
The resin is provided to the substrate 30 at least in the mounting 
20 region of the semiconductor chip 10. The resin (anisotropic 
conductive material 34, for example) may be provided before 
mounting the semiconductor chip 10 on the substrate 30. The 
resin may be provided after mounting the semiconductor chip 10 . 

In the present embodiment, the slits 38 are formed in the 
25 substrate 30. Part of the slits 38 is an opening. Therefore, 
a member is provided as an underlay to the side of the substrate 
30 on which the interconnecting pattern 32 is formed before 
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providing a resin to the substrate 30. In other words, the 
opening of the slits 38 is closed by placing the substrate 30 
on the member. The member preferably exhibits no affinity (or 
low affinity) to the resin to such an extent that the resin is 
not allowed to permeate into the member at least in the region 
of the substrate 30 in which the slits 38 are disposed. 
Specifically, the member preferably has properties for 
repelling the resin. This enables the resin to be provided on 
the substrate 30 without allowing the resin to leak out or to 
penetrate into the member. This is particularly effective when 
preparing the resin as liquid or gel. 

For example, a Teflon sheet 60 may be prepared on a stand 
100, and the substrate 30 may be placed on the Teflon sheet 60, 
as shown in Figure 8. The anisotropic conductive material 34 
is then provided to the substrate 30, and the semiconductor chip 
10 is placed on the substrate 30. The semiconductor chip 10 
is pressed against the substrate 30 using a press jig 110. In 
the case of filling the space between the semiconductor chip 
10 and the substrate 30 with the resin, the substrate 30 provided 
with the semiconductor chip 10 may be placed on the stand 100 
through the Teflon sheet 60. 

In the present embodiment, the interconnecting pattern 
32 is located on a surface of the substrate 30 opposite to the 
mounting region of the semiconductor chip 10. Specifically, 
since the interconnecting pattern 32 is not covered with the 
semiconductor chip 10, the interconnecting pattern 32 can be 
designed without limitation. The interconnecting pattern 32 




is formed opposite the semiconductor chip 10 through the 
substrate 30. Therefore, signals in the integrated circuit in 
the semiconductor chip 10 scarcely interfere with signals in 
the interconnecting pattern 32, whereby cross talk can be 
5 reduced. Because of this, a semiconductor device with an 
increased degree of freedom in designing the interconnecting 
pattern 32 can be obtained without decreasing connection 
reliability . 

*io Third embodiment 

ifl Figures 9A to 9D are views showing a method of fabricating 

m 

ifl a semiconductor device according to the present embodiment. In 
IU the present embodiment, a semiconductor device shown in Figure 

. ft-. 
" 3 

£ 9D includes the semiconductor chip 10, substrate 3 0, and 

P 

||tj5 external terminals 40. 

PJ 

i«l The substrate 3 0 is the same as described above. The 

i3 

iT substrate 3 0 may be any of a substrate formed using an organic 
material such as a flexible substrate, a substrate formed using 
an inorganic material such as a metal substrate, and a 

20 combination of these. Through - holes 31 are formed in the 
substrate 30. The interconnecting pattern 32 is formed to 
extend over the through-holes 31. Land sections for forming 
the external terminals (not shown) may be formed on the 
through-holes 31 as part of the interconnecting pattern 32. 

25 After preparing the substrate 30 in this manner, the 

anisotropic conductive material 34 is provided to the substrate 
30. The anisotropic conductive material 34 may be provided in 
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the area greater than the area of the electrodes 12 in the 
semiconductor chip 10. 

The semiconductor chip 10 is placed on the anisotropic 
conductive material 34 . Specifically, the semiconductor chip 
5 10 is placed on the anisotropic conductive material 34 with the 
surface on which the electrodes 12 are formed facing the 
anisotropic conductive material 34 . In the present embodiment, 
the first and second bumps 70 and 80 are formed on the electrode 
12 . The method for forming these bumps is the same as described 
tBO above. The second bumps 80 may be formed using a material 

fS differing from that for the first bumps 70. For example, the 

tn 

ift first bumps 70 may be formed using gold, and the second bumps 

flj 80 may be formed using gold- tin or a metal having a melting point 

„ lower than gold such as solder. Advantage thereof is the same 

s==3 

jjjjfcS as described above. The semiconductor chip 10 is disposed so 

III 

that the electrodes 12 are located on the land sections for 
^ connecting terminals (not shown) of the interconnecting pat tern 
32. The first and second bumps 70 and 80 may be formed on the 
side of the interconnecting pattern 32. 

20 As a result of these steps, the anisotropic conductive 

material 34 is interposed between the surface of the 
semiconductor chip 10 on which the electrodes 12 are formed and 
the surface of the substrate 3 0 on which the interconnecting 
pattern 32 is formed. The semiconductor chip 10 is pressed 

25 against the substrate 30 by pressing the surface of the 
semiconductor chip 10 opposite to the surface on which the 
electrodes 12 are formed using the jig 110. The jig 110 may 
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have a heating means such as a heater. The semiconductor chips 
10 may be heated using the heating means. It is preferable to 
use a jig having a planar area greater than that of the 
semiconductor chip 10 as the jig 110 in order to also apply heat 
5 to the anisotropic conductive material 34 located outside the 
semiconductor chip 10. This enables heat to be easily applied 
to the periphery of the semiconductor chip 10. 

Since the semiconductor chip 10 is heated by the jig 110, 
the adhesive in the anisotropic conductive material 34 is cured 

slo in the region in contact with the semiconductor chip 10. Note 

*y 

19 that the adhesive in the anisotropic conductive material 34 is 

m 

iff not completely cured in the region not in contact with the 

jtj semiconductor chip 10 or in the region apart from the 

ESS 

3 semiconductor chip 10 since heat does not reach. The adhesive 

O 

ljb5 in these regions are cured in the next step. 

y 

^ In the case of forming the external terminals- 40 using 

:^ solder, for example, solder 42 is provided in the through- holes 
31 in the substrate 30 and the vicinity thereof. The solder 
42 may be provided by a printing method using cream solder, for 

20 example. Solder balls formed in advance may be placed on the 
above position. 

The solder 34 is heated in a reflow process, thereby 
forming the external terminals 40, as shown in Figure 9D. In 
this reflow process, not only the solder 42 but also the 

25 anisotropic conductive material 34 are heated. Uncured 
regions of the anisotropic conductive material 34 are cured by 
this heating. Specifically, the anisotropic conductive 
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material 34 is cured in the region not in contact with the 
semiconductor chip 10 or in the region apart from the 
semiconductor chip 10 in the reflow process for forming the 
external terminals 40. 
5 According to the semiconductor device thus obtained, 

since the interval between the semiconductor chip 10 and the 
substrate 30 is increased by the height of the first and second 
bumps 70 and 80 formed on the electrodes 12 of the semiconductor 
chip 10, a large amount of resin can be provided right under 
?§0 the semiconductor chips 10. This allows the resin to fully 
IS function as a stress relaxation layer. In the present 

m 

IP embodiment, the first and second bumps 70 and 80 refer to an 
III arbitrary number of bumps. The present embodiment is 
/ applicable to at least two bumps. In the present invention, 

the electrical connections between the electrodes 12 and the 
P interconnecting pattern 32 are not limited to the anisotropic 
!J conductive material 34, to which various configurations 

(described above) may be applied. 

In all of the above embodiments, a semiconductor device 
20 having external terminals is described. Part of the substrate 

may be extended and the external connection may be established 

therefrom. Part of the substrate 30 may be used as leads for 

connectors, or connectors may be mounted on the substrate 30. 

In addition, the interconnecting pattern 32 of the substrate 
25 30 may be connected to other electronic instruments. 

Instead of positively forming the external terminals 40, 

the external terminals may be formed using solder cream applied 



36 



to a motherboard when mounting the semiconductor device on the 
motherboard due to surface tension during melting. Such a 
semiconductor device is referred to as a land grid array 
semiconductor device. In all of the above embodiments, a 
5 plurality of semiconductor chips may be mounted, or 
semiconductor chips and passive devices may be mounted in 
combination . 

Figure 8 is a view showing a circuit board 1000 provided 
with the semiconductor device 1 according to the present 
00 embodiment. An organic substrate such as a glass epoxy 

VQ substrate is generally used as the circuit board 1000. 

If! 

ifl Interconnecting pattern is formed on the circuit board 1000 

*0 

IU using copper, for example, so as to form a desired circuit. 

Electrical continuity between the interconnecting pattern and 

:2s the semiconductor device 1 is established by mechanically 

m 
P 



connecting the interconnecting pattern to the external 
terminals 40 of the semiconductor device 1. 

Figures 10 and 11 respectively show a notebook- type 
personal computer and a portable telephone as examples of the 
20 electronic instrument provided with the semiconductor device 
1 to which the present invention is applied. 

In the above embodiments, a semiconductor chip and a 
semiconductor device using the semiconductor chip are described. 
The present invention is applicable to all embodiments of an 
25 electronic chip using projections. 

Note that the 11 semiconductor chip" that is a structural 
component of the present invention could be replaced by an 
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"electronic element, 11 and electronic elements (either active 
elements or passive elements) can be mounted on a substrate to 
fabricate an electronic component, in a manner similar to that 
of semiconductor chips. Examples of electronic components 
fabricated by using such electronic elements include optical 
elements, resistors, capacitors, coils, oscillators, filters, 
temperature sensors, thermistors, varistors, variable 
resistors, or fuses, by way of example. 

All of the above - described embodiments may be applied to 
a semiconductor device (or mounted module) in which 
semiconductor chips and other electronic elements as described 
above are mounted on a substrate in combination. 
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